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Abstract 

It is possible that the pre-agaonid wasps visited the pre-Ficus inflorescense in order to eat pollen. 
Later in the evolution of the pre-fig plant, the pre-agaonid started using the ovules for oviposition. 
Once the pre-fig evolved a closed inflorescense with very tight entrances, only the pre-agaonids which 
were more successful in penetrating the pre-figs, and those which carried more pollen to the interior of 
the pre-fig, were positively selected. Most of the pollen carried on the body and wings of the ancestral 
agaonids was probably rubbed off from the insect body. Those areas of the insect body which entered 
in least contact with the ostiolar scales must have carried some pollen to the interior of the receptacles. 
The areas of the wasps which probably were least cleaned off by ostiolar scales were the inner or medial 
sides of the coxae, the sternum, the neck, petiolar areas, and undoubtedly the buccal cavity and the 
digestive tract. Selection would favor those agaonids with more bristles on the mesosternum and coxae 
in addition to those which were efficient in carrying pollen in the buccal cavity or the digestive tract, if 
they regurgitated the pollen on the stigmata of the flowers. Four main systems of pollen transport seem 
to have evolved in the Agaonidae: 1) improved capacity to carry pollen in the buccal cavity and other 
hidden areas of the body, 2) hairiness of the mesosternum as well as the coxae, 3) mesosternal 
concavities (corbiculae or pollen pockets), and 4) corbiculae on the front coxae which are used to 
facilitate the transfer of pollen from the anthers to the sternal corbiculae or pockets and to carry 
pollen. 

Concerning the trends in the evolution of the corbiculae, it is possible that the first structures, other 
than hairs or bristles, that the agaonids evolved to carry pollen were the sternal corbiculae. This idea is 
based on the fact that there are many agaonids without corbiculae, with only sternal corbiculae, and 
with sternal and coxal corbiculae. There is only one report of two agaonids with only coxal corbiculae. 

The external corbiculae have apparently evolved in three different lines of the agaonids, whereas the 
coxal corbiculae seem to have evolved independently in four lines. It is not surprising to find such a 
high degree of convergence in organisms, such as the agaonids, which spend much of their lives in very 
similar environments (the interior of the syconium) and are apparently exposed to similar forces of 
selection. 


Introduction 

Man has wondered for many centuries about the function of the small insects 
(the agaonids) which penetrate and develop inside the fruits (syconia) of some 
varieties of the edible fig (Ficus carica) and in other species. Aristotle, circa 340 
B.C., described a small creature called “psen” which pierced unripe figs and thus 
caused them to remain on the tree until mature. Theophrastus, a pupil of Aristotle, 
gave a clear account of caprification (pollination of the figs by the agaonids), but 
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like his teacher he believed that the fig wasps nibbled at the cultivated figs and 
caused them to develop (Condit, 1947). During the twenty centuries following the 
time of Theophrastus, little was added to the store of information about fig 
pollination and fig wasps. 

The prevailing view until 1969, which was based primarily on observations of 
Blastophaga psenes , the pollinator of the edible fig, was that pollination is effected 
by pollen grains adhering to the wasp’s body surface and perhaps to its appendages 
(Muller, 1883; Eisen, 1896; Knuth, 1906; Baker, 1913; Pemberton, 1921; 
Buscalioni & Grandi, 1938). Other views generally supported the transport of 
pollen on the body surface (Wiebes, 1963; Hill, 1967; Galil & Eisikowitch, 1968). 

Recently it has been found that in many other fig species the situation is not as 
simple as in the common fig. Independently and almost simultaneously, Ramirez 
(1969), in Costa Rica, and Galil & Eisikowitch (1969), in East Africa, found 
specific organs in some agaonids which serve for pollen transport from the mature 
figs to the young ones of several species of Ficus. 

The object of this work is to try to explain the evolution, as well as the sequences 
and convergences, of the mechanisms to carry pollen in the Agaonidae (table 1). 

Means of pollen transport 

It is possible that most of the pollen carried on the body and wings of the 
ancestral agaonids was rubbed off when the wasps squeezed between the ostiolar 
scales. Those areas of the insect’s body, however, which entered in less contact 
with the ostiolar scales must have carried some pollen to the interior of the 
receptacles. The areas of the wasps which probably were least cleaned off by 
ostiolar scales were: the inner or medial sides of the coxae, the sternum, the neck 
and petiolar areas, the wings, and undoubtedly the buccal cavity and digestive 
tract. On a population basis and presumably on an individual basis, selection 
should have favored those wasps that carried more pollen on the areas mentioned; 
as a consequence more efficient pollination was accomplished after the wasp 
entered the young inflorescences. Selection would therefore favor wasps with 
more bristles on the mesosternum and coxae in addition to those which were 
efficient in carrying pollen in the buccal cavity, other hidden areas of the body and 
digestive tract, if they regurgitated pollen on the stigmata of the flowers when they 
were ovipositing. 

Four main systems of pollen transport apparently evolved in the Agaonidae: 1) 
Improved capacity to carry pollen in the buccal cavity, as well as in the digestive 
tract 1 ). This system is probably derived from the pollen eating activity of the pre- 
agaonid wasps (Ramirez, 1976). To this group of wasps belong Tetrapus and 


') According lo Wiebes (1977b) “in many Agaonid species, pollen can somelines be found in small 
quantities on several places of Ihe body, e.g., between the mouth parts or under the hypopygium 
...” Galil & Neeman (1977) showed for Blastophaga psenes (the pollinator of the edible fig) that the 
females carry pollen into intersegmenlal and pleural invaginations which form in the shrunken body 
following water loss. 
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Table 1. List of fig species groups with a list of the agaonid pollinators (modified from Hill, 1967) of 
each group, and the presence or absence of corbiculae 


Subgenus 

Section 

Subsection 

Agaonidae 


Corbiculae 






Absent Sternal 

Coxal 

Urostigma 

Urostigma 


Blastophaga 


+ 

+ 




(Group E) 

( =Platyscapa) 





Leucogyne 


Maniella 


+ 

+ 


Conosycea 

Conosycea 

Blastophaga 


+ 

+ ? 




Deilagaon 


+ 





Eupristina 


+ 

+ 




Waterstoniella 

Waterstoniella 

+ 

+ 




Dictyoneuron 

Waterstoniella 

Eupristina 

+ 

+ 

+ 



Benjamina 

Parapristina 


+ 

+ 


Stilpnophylum 


Blastophaga 


+ 

+ ? 




clavigera 
(= Blastophaga 
Group G) 





Malvanthera 


Pleistodontes 
Pleistodontes ') 

+ 

+ 

+ ? 


Galoglychia 


Agaon 


+ 





Alfonsiella 


+ 

+ 




Allotriozoon 


+ 





Elisabethiella 


+ 

+ 




Paragaon 


+ 



Americana 


Pegoscapus 


+ 

+ 

Pharmacosycea 

Oreosycea 


Blastophaga 


+ 

+ 




Group F 

Dolichoris 


+ 

+ 


Pharmacosycea 


Tetrapus 

+ 



Ficus 

Ficus 


Blastophaga 

+ 






Group A 





Rhizocladus 


Blastophaga 

+ 






Group A 





Kalosyce 


Blastophaga 

+ 






Group A 





Sinosycidium * 2 ) 

Eriosycea 


Blastophaga 


+ 





Group B 





Sycidium 

Scabrae 

Blastophaga 


+ 





Group B 






Varinga 

Blastophaga 


+ 





Group B 





Phaeopilosae 


Blastophaga 


+ 





Group C 





Paleomorphe 

Paleomorphe 

Liporrhopalum 


+ 




Copiosae 

Blastophaga 


+ 





Group D 




Sycomorus 

Adenosperma 


Ceratosolen 


+ 



Neomorphe 


Ceratosolen 


+ 



Prostratae 


Ceratosolen 


+ 



Pungent es 


Ceratosolen 


+ 



Pseudopalmeae 


Ceratosolen 


+ 



Rivulares 3 ) 




+ 



Sycocarpus 


Ceratosolen 


+ 



Sycomorus 


Ceratosolen 


+ 



') Wiebes (1977b) reports that two species of Pleistodontes have only coxal corbiculae 

2 ) Probably pollinated by a wasp of Blastophaga Group A 

3 ) Probably pollinated by a Ceratosolen wasp 





282 


Tijdschrift voor Entomologie, DEEL 121, AFL. 6, 1978 




Figs. 1—4. Mesosterna of: 1, Blastophaga pumilae , without corbiculae; 2, B. {Waterstoniella) sundaica, 
without corbiculae but with abundant sternal bristles; 3, Deilagaon megarhopalus, with incipient 
corbiculae (right corbiculae with some pollen); 4, B. ( Waterstoniella ) masii , with more developed 
corbiculae and less bristles than Deilagaon megarhopalus (fig. 3). 
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probably those Blastophaga that inhabit the figs of sections Ficus , Kalosyce and 
Rhizocladus. Section Sinosycidum is probably also pollinated by this type of wasp. 
2) Hairiness of the mesosternum as well as of the coxae. This system of 
transportation of pollen is apparently found in Blastophaga ( Waterstoniella) 
sundaica (fig. 2) and Pleistodontes blandus which possess mesosterna with abundant 
long bristles; however, much pollen was also found in their digestive tracts. 3) 
Sternal corbiculae, i.e., pollen carrying concavities in the mesosternum (figs. 
3—10). 4) Corbiculae on the front coxae (figs. 16—20) which are used to facilitate 
the transfer of pollen from the anthers to the sternal corbiculae, as well as a means 
to carry pollen (Galil et al., 1973). In the forms with well-developed corbiculae, 
pollen is not found in the digestive tract. 

Sternal corbiculae 1 ) 

It isprobable that in some of the agaonids with hairy mesosterna (as in fig. 2) a 
small flange or tegulum evolved by mesal growth of the most lateral angle of the 
“pleural suture” (as in fig. 3). This tegulum formed a small cavity in which some 
pollen could be transported (as in fig. 3). This flange is hereafter referred to as the 
corbicular tegulum. A small tegulum which forms a small corbicula is still found in 
Deilagaon megarhopalus (fig. 3), Blastophaga errata and Blastophaga ( Waterstoniella ) 
masii (fig. 4). However, parts of the mesosterna of the latter two are covered with 
long bristles as in Blastophaga ( Waterstoniella) sundaica (fig. 2) and Pleistodontes 
blandus , two wasps without sternal corbiculae. 

Once the mesosternal tegulum formed a functional cavity to carry pollen, its 
enlargement was positively selected. Larger concavities were formed by 
progressive mesal growth of the tegulum. A small sternal corbicula accompanied 
by sparse sternal hairiness is found in Blastophaga ( Waterstoniella) masii (fig. 4). 
The mesal extension of the corbicular tegulum to form a larger cavity was 
accompanied by the loss of more and more sternal bristles, as suggested by 
Blastophaga ( Pegoscapus) cumanensis (fig. 6), Blastophaga javana (fig. 5) and 
Blastophaga (Eupristina) adempta. However, some of the sternal hairs were retained 
close to the sternal corbiculae and became specialized to rub the pollen from the 
arolia of the font legs and/or to hold the pollen in place in the corbiculae (fig. 6). 

In other agaonids the corbicular tegulum continued to grow mesally until a 
much bigger cavity was formed. A wide, mesal corbicular opening is found in the 
corbiculae of wasps such as Blastophaga gestroi, B. javana (fig. 5) and B. sumatrana\ 
in the subgenera Pegoscapus (fig. 6), Eupristina and Parapristina\ in the genera 
Maniella , Alfonsiella, Elisabethiella, in the Blastophaga wasps ( = Platyscapa of 
Wiebes, 1977a) inhabiting Old World section Urostigma for example, in 
Blastophaga constabularis (= B. coronata ; Wiebes, 1963); in Dolichoris vasculosae ; 
and probably in all of the Blastophaga wasps which inhabit Old World figs of 
section Oreosycea, subgenus Pharmacosycea. 

In other wasps the corbicular tegulum grew mesally and ventrally until the 
corbiculae became almost closed. This condition is found in wasps such as Agaon 
hamiferum modestum (fig. 7) and Allotriozoon prodigiosum. 


') Mesothoracal pollen pockets of Galil & Eisikowitch (1969). 
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Figs. 5—9. Mesosterna of: 5, Blastophaga javana , with large, open sternal corbiculae and few 
mesosternal bristles; 6 , Blastophaga ( Pegoscapus ) cumanensis , right side, showing corbicula with 
corbicular bristles and some pollen inside; 7, Agaon hamiferum modestum , with almost closed sternal 
corbiculae; 8, Blastophaga jacobsi , with closed sternal corbiculae; 9, Ceratosolen pilipis , with closed 
corbiculae (sternal pockets of Galil & Eisikowitch, 1969). 
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The maximum mesal and ventral growth of the corbicular tegulum occurs in 
Blastophaga jacobsi (fig. 8), in all wasps of the genus Ceratosolen (fig. 9), in 
Liporrhopalum (fig. 10), Platyscapa quadraticeps and probably B. tentacularis. 

Galil & Snitzer-Pasternak (1970) report that the pollen pockets of Platyscapa 
quadraticeps are complex and highly specialized Structures rather than mere 



Fig. 10. Mesosternum of Liporrhopalum mindanaensis, with closed corbiculae. Figs. 11 — 13. Front legs 
of: 11, Blastophaga psenes (the pollinator of the edible fig), without coxal combs; 12, Deilagaon 
megarhopalus, with incipient sternal corbiculae (note the aggregation of coxal bristles); 13, Blastophaga 
jacobsi, with large, closed, sternal corbiculae (note the presence of coxal combs of bristles, which are 
probably used to move the pollen from the sternum to the corbiculae). 
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depressions covered by a fold of the body wall. Each pocket is a small saccular 
organ with well-defined openings. The two marginal exits are very narrow. The 
third opening is the largest and gaps widely when the adjacent sternum is touched 



Figs. 14—15. Front legs of: 14, Ceratosolenpilipis, with closed, sternal corbiculae (note the coxal comb); 
15, Liporrhopalum mindanaensis , with only sternal corbiculae. Figs. 16—17. Font coxae of: 16, 
Blastophaga malabarensis, with coxal corbiculae surrounded by abundant bristles; 17, B. nervosae, with 

coxal corbiculae and combs. 
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parallel to the inner border of the pocket and closes shortly afterwards. These 
observations have not been verified, but I have observed that in Ceratosolen 
arabicus and other Ceratosolen wasps the corbicular tegulum extends ventrally and 
touches the mesosternum. However, the corbicular tegulum is apparently not 
fused to it; thus a narrow slit is found along the entire mesal side of the structure. 
When the corbicula of a Ceratosolen arabicus was carefully pressed, pollen came 
out along the entire mesal slit or entrance of the structure. According to Wiebes 
(personal communication) there is some misunderstanding about the pocket of 
Platyscapa quadraticeps , there being not more than one opening for each pocket. 

Coxal corbiculae 

The front coxae of Sycophaga sycomori (a wasp that penetrates the fig in order to 
lay eggs, but which is not a pollinator) possess almost no hairs. The same condition 
is also found in Blastophaga ( Waterstoniella ) sundaica , although some thick bristles 
are found on the mesal side. The rest of the front legs of both species are also 
sparsely hairy. All the species of Tetrapus , in addition to Pleistodontes plebejus, also 
possess very smooth coxae. 

From the supposedly condition of smooth legs, hairiness became more 
consipicuous in some agaonids. In Blastophaga psenes (fig. 11) the entire leg is 
hairier than those of the previously mentioned wasps; the hairs of the coxa of 
Blastophaga psenes are apparently randomly distributed over its entire surface (fig. 
11). It is probable that hairiness of the mesal side of the coxa of some agaonids was 
positively selected because it favored pollen transport. 

Although the fore coxal hairs of Deilagaon megarhopalus (fig. 12) are 
concentrated toward the mesal side, they occur without any noticeable pattern. 
However, in Blastophaga jacobsi (fig. 13), Ceratosolen pilipes (fig. 14) and most 
other Ceratosolen wasps, the fore coxal hairs are denser on the mesal side of the 
coxa, forming a well-defined mesal area of strong bristles which Galil & 
Eisikowitch (1969) call coxal combs. In other agaonids the coxal hairs also became 
concentrated, but instead of forming a random grouping they form well-defined 
rows. A similar condition is found in Liporrhopalum mindanaensis (fig. 15) and 
Allotriozoon prodigiosum. Grandi (1917: fig. IV, 3) also reports and illustrates the 
front coxa of Blastophaga valentinae as possessing a row of hairs similar to the one 
found on Liporrhopalum mindanaensis. 

Another tendency in the evolution of the coxal structures to carry pollen was 
the formation of a mesal cavity. A primitive coxal corbicula completely 
surrounded and covered with hairs is found in Blastophaga malabarensis (fig. 16). 
The corbiculae and surrounding hairs of this species were found to be completely 
full of and covered with pollen. Blastophaga nervosae (fig. 17) has an incipient coxal 
corbicula, but possesses far fewer hairs than Blastophaga malabarensis. The coxal 
bristles of Blastophaga nervosae are organized in a more definite row (fig. 17); a 
similar condition is also found in Platyscapa quadraticeps. Pleistodontes imperialis 
(fig. 18) possesses a well-defined row of hairs located in a more dorsal position 
than those of Blastophaga nervosae (fig. 17). It is not sure if Pleistodontes imperialis 
has coxal corbiculae. 
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Figs. 18—19. Front legs of: 18, Pleistodontes imperialism with open, sternal corbiculae and apparently 
incipient coxal corbiculae; 19, Elisabethiella stueckenbergim with well developed coxal corbiculae and an 
outer coxal comb of bristles. Fig. 20. Front coxa of Blastophaga boschmai , with well developed coxal 

corbiculae and an inner comb of bristles. 
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Fig. 21. A cladogram for Agaonidae: A, Tetrapus; B, Deilagaon group; C, Eupristina ; D, Parapristina; E, Waterstoniella\ F, Pegoscapus ; G, 
Blastophaga group G; H, Maniella ; I, Blastophaga group E (= Platyscapa)\ J, Al/onsiella ; K, Elisabethiella ; L, Allotriozoon ; M, Paragaon ; N. 
Agaon ; 0, Pleistodontes ; P, Dolichoris ; Q, Blastophaga group C; T, Ceratosolen with short ovipositor; U, Ceratosolen with short ovipositor: 
V, Ceratosolen with long ovipositor; X, Liporrhopalum\ Y, Blastophaga group D; Z, Blastophaga group A. 
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Once the coxal corbiculae evolved, there was a tendency to lose most of the 
bristles located inside the cavities and to organize the peripheral bristles into more 
definite rows or combs (figs. 17—20). Two tendencies in the formation of these 
rows of bristles are found. In some wasps, the corbicular cavity is fenced by a 
medial row of bristles, as in Blastophaga nervosae (fig. 17). In Maniella delhiensis the 
coxal cavity has a well-defined row of bristles on its mesal side, but some hairs are 
still present inside the corbicula. This condition attains its maximum expression in 
Blastophaga boschmai (fig. 20), in which the coxal cavity is very deep and its long 
bristles form a good barrier to hold the pollen in the corbicula. In other agaonids 
the corbicular bristles form a more ventral row of bristles. This feature is found in 
an incipient condition in Blastophaga constabularis (= Platyscapa coronata). A well- 
defined mesal row of ventral bristles is found in most New World wasps of the 
subgenus Pegoscapus and in the Old World Blastophaga ( Eupristina ) adempta, 
Blastophaga (Parapristina) verticillata, Alfonsiella longiscapa and Elisabethiella 
stueckenbergi (fig. 19). 


Trends in the evolution of the corbiculae in the agaonids 

It is very well possible that the first structures, other than hairs or bristles, that 
the agaonids evolved to carry pollen were the sternal corbiculae. This idea is based 
on the fact that there are many agaonids without corbiculae, with only sternal 
corbiculae, and with sternal and coxal corbiculae; although Wiebes (1977b) 
reports that Pleistodontes blandus and mandibularis have only coxal corbiculae. 
However, it is possible that the ancestors of some agaonids evolved both kinds of 
corbiculae and that the coxal corbiculae were later lost in some; this is a very 
unlikely possibility. The agaonids which could have lost the coxal corbiculae 
would be the Blastophaga that inhabit the figs of sections Eriosycea , Scabrae, 
Varinga, Phaepilosae and Copiosae (sensu Ramirez, 1974) and also the wasps of the 
genera Ceratosolen and Liporrhopalum. Other agaonids which could have lost the 
coxal corbiculae and inhabit the figs of subgenus Urostigma are: Agaon , 
Allotriozoon , Paragaon , Deilagaon megarhopalus , the subgenus Waterstoniella , and 
the two wasps ( Blastophaga carlosi and B. mariae) that pollinate F. tuerckheimii in 
Central America and Mexico. All of the wasps mentioned immediately above 
possess only sternal corbiculae. The question then arises: Did each of these 
structures evolve once or more than once in the history of the Agaonidae? This 
question is difficult to answer. However, based upon the morphology of some of 
the structures of each group of agaonids and the correlation of those structures 
with the presence or absence of corbiculae, it is here concluded that the sternal 
corbiculae, as well as the coxal ones, seem to have developed at least three or four 
times during the evolution of the agaonids. It is not surprising to find such a high 
degree of convergence in organisms, such as the agaonids, which spend much of 
their lives in very similar environments (the interior of the syconium) and are 
apparently exposed to similar forces of selection. Hill (1967: 53) notes that, 
presumably because of the uniformity-of the micro-habitat, there is considerable 
convergence in various characters in the family Agaonidae. 
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Sternal corbiculae 

These structures have apparently evolved in three different lines of the 
agaonids: 1) In the ancestor (fig. 21: 18 — 19) of the Blastophaga that live in the 
dioecious figs of sections Copiosae , Eriosycea , Phaeopilosae and Sycidium (all sensu 
Ramirez, 1974). This type of corbicula was inherited by Ceratosolen (fig. 9) and 
Liporrhopalum (fig. 10). In these two groups of wasps, as well as in Blastophaga 
group C (i.e., Blastophaga jacobsi) (fig. 21, S), the corbiculae are closed rather than 
open (fig. 5). 2) In the ancestor (fig. 20: 3 — 4) of Dolochoris vasculosae and 
Blastophaga group F (i.e. Blastophaga boschmai) which inhabit the figs of Old 
World section Oreosycea (subgenus Pharmacosycea). 3) In the ancestors of several 
of the agaonid groups which inhabit the figs of subgenus Urostigma. 

First evolutionary line of sternal corbicuae 

The evolution from Blastophaga without corbiculae to Blastophaga with open 
corbiculae and to Blastophaga , Ceratosolen and Liporrhopalum with closed sternal 
corbiculae agrees with the line of evolution postulated by Wiebes (1963: 105) for 
Ceratosolen . Wiebes states that the genus Ceratosolen appears to be a derivative of 
Blastophaga and seems to be still connected with it through the pollinators of 
subsection Sycidum (sensu Corner, 1965). 

Second evolutionary line of sternal corbiculae 

The second evolutionary line occurred in the ancestor (fig. 21: 3 — 4) of the 
agaonids which inhabit the Old World section Oreosycea of subgenus 
Pharmacosycea. This section of figs is inhabited by Blastophaga group F and one 
species of Dolichoris ( D. vasculosae). These wasps are characterized by their open 
sternal corbiculae and the presence of coxal corbiculae. 

Third evolutionary line of sternal corbiculae 

The ancestors of some of the agaonid groups (fig. 21: 5 — 6) which inhabit the 
figs of subgenus Urostigma reflect a third evolutionary line. Considering the 
presence or absence of sternal corbiculae in the pollinators of subgenus Urostigma , 
we find several main groups of wasps. These are: 1) In Pleistodontes, Pleistodontes 
imperials has sternal corbiculae and apparently coxal corbiculae (Ramirez, 1974). 
Wiebes (1977b) reports that P.froggatti and regalis have sternal corbiculae, while 
P. imperialis has sternal and coxal corbiculae. P. blandus and mandibularis have 
only sternal corbiculae, in P. rennellensis he also finds a very vague trace of sternal 
corbiculae. P. longicaudus , plebejus , immaturus and rieki have no coxal and sternal 
corbiculae (Wiebes, 1977b); 2) Two Waterstoniella species {W. jacobsoni and W. 
sundaica) (fig. 2), which do not have sternal corbiculae 1 ); 3) Another Waterstoniella 
(i.e., Blastophaga (W.) masii) (fig. 4), as well as Deilagaon megarhopalus (fig. 3), 
which possess very small sternal corbiculae; 4) Agaon (fig. 7), Allotriozoon and 
Paragaon, which have only large sternal corbiculae; 5) Aljonsiella and 
Elizabethiella , which have large sternal as well as coxal corbiculae (fig. 19); and 6) 


') According to Wiebes (1976), “In some of the Blastophaginae, however, the sternal pollen-carying 
structures seem to be secondarily lost (e.g., in some Waterstoniella) or are in the process of becoming 
lost (as in Waterstoniella masii)." 
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The subgenus Pegoscapus (except Blastophaga ( P .) carlosi and B. (P.) mariae ), 
Blastophaga clavigera ( Blastophaga group G), Maniella delhiensis, Blastophaga group 
E (= Platyscapa of Wiebes, 1977a) and Eupristina and Parapristina , which have 
coxal and sternal corbiculae. 

Coxal corbiculae 

These structures are found in some of the agaonid groups which inhabit the 
subgenus Urostlgma and in those which inhabit the monoecious figs of section 
Oreosycea (fig. 21: P and Q). The groups of wasps which have coxal corbiculae and 
develop in the receptacles of subgenus Urostigma are: 1) Aljonsiella and 
Elisabethiella (fig. 19) found in section Galoglychia\ 2) Pegoscapus (as in fig. 19) 
except Blastophaga (P.) carlosi and B . (P.) mariae , found in section Americana ; 3) 
the Blastophaga found in sections Stilpnophyllum and Urostigma ; 4) Maniella found 
in section Leucogyne ; 5) Eupristina and Parapristina found in section Conosycea\ 
and 6) Blastophaga and Dolichoris vasculosae which inhabit the figs of sections 
Oreosycea of subgenus Pharmacosycea (fig. 20). Pleistodontes imperials also seems 
to have coxal corbiculae (fig. 18). 

It seems that the coxal corbiculae have evolved four times in the symbionts of 
Urostigma as follows: 1) in the ancestor of Alfonsiella and Elisabethiella (fig. 21:8 — 
11); 2) in the ancestor (fig. 21: 7 — 12) of the agaonids which pollinate sections 
Americana , Leucogyne , Stilpnophyllum and Urostigma , i.e., wasps of the subgenus 
Blastophaga , the genus Maniella and the subgenus Pegoscapus ; 3) in the 
ancestor (fig. 21: 16 — 17) of Eupristina and Parapristina ; 4) in the ancestor 
(fig. 20: 3 — 4) of the wasps that pollinate the section Oreosycea of subgenus 
Pharmacosycea and apparently in Pleistodontes imperialis (fig. 18). Wiebes (1977b) 
reports that P. blandus and mandibularis have only coxal corbiculae. 

Interrelation between sternal and coxal corbiculae 

It seems that in most Blastophaga , as well as Ceratosolen and Liporrhopalum , that 
possess only sternal corbiculae, groups of ventral bristles are present on the coxae 
(figs. 13—15). Galil & Eisikowitch (1969) call these bristles “ coxal combs’' and 
state that during pollen loading the pollen is first deposited on the underside of the 
thorax and afterwards is pushed by the coxal combs into the sternal pockets. The 
coxal combs of the wasps mentioned could have evolved at the same time as the 
sternal corbiculae as a means to move the pollen from the venter of the thorax to 
the corbiculae. In 1971, Dr. Galil and the author further observed that several 
species of Pegoscapus used the coxal corbiculae bristles to move the pollen from 
the thorax to the sternal corbiculae although the coxal corbiculae are also used to 
carry pollen (Galil et al., 1973). 

From these observations it seems likely that the sternal corbiculae and coxal 
bristles arose simultaneously, the latter to fill the former, and that coxal corbiculae 
arose later to increase the amount of pollen carried; although Wiebes (1977b) 
reports that “ Pleistodontes blandus and P. mandibularis have only coxal 
corbiculae”. 
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